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Description 

Background and Statement of the Invention 

In EP-A 72 203. a method is described for pro- 5 
ducing a partially cross-iinked rubber-resIn compo- 
sition by melting and mbdng a peroxide-curable olefin 
copolymer rubber and a peroxide-decomposing poty- 
olefin resin with an organic peroxide compound. The 
rubber in particulate form and the resin and perox- 10 
ide are fed to a twin screw extruder and the rubber 
and the resin are thereby subjected to dynamic heat 
treatment in the presence of the peroxide. 

Examples of the peroxide-curable olefin copoly- 
mer rubber include ethylene [1-butene] non-conju- 15 
gated diene terpolymer rubber. Examples of the per- 
oxide-decomposing polyolefin resin include crystal- 
line polypropylene. Among other additives are 
mentioned mineral oil softener, and peroxide-non- 
curable hydrocarbon rubbers such as polylsobutyl- 20 
ene and butyl rubber. The EP-A 72 203 does not 
specify a use for the partially cross-linked rubber- 
resin compositions. 

French Patent Specification FR-A 2 514 016 de- 
scribes polyoletln compositions stable to gamma ir- 25 
radiation containing a hindered amine stabilizer. Sy- 
ringes or other medical components can be made 
from such compositions and sterilized by the use of 
gamma In^diation. 

Generally speaking, this invention relates to elas- 30 
tomer compositions for use in preparing objects 
such as stoppers to be placed In syringes, and 
evacuated tubes such as Vacutainer brand evacu- 
ated tubes, a product of Becton. Dickinson and 
Company, Paramus, New Jersey 07652. Such tubes 35 
have a vacuum applied to them and it is Important 
that that vacuum be maintained during storage life, 
and use of the evacuated container. For the sy- 
ringes, it is Important that the stoppers maintain 
sealing engagement with the cooperating walls of 40 
the syringe tube. These products, sterilized either 
by Ethylene Oxide or by high energy radiation are 
sold in the mari^et as sterile product However, 
resterilization of these devices by autoclaving is 
practiced by the users. 45 

Currently, vulcanized elastomers such as natu- 
ral or butyl rubber are used for making the above 
products. Although the vulcanized elastomers pro- 
vide autodavability or stability at elevated tempera- 
tures there are certain drawbacks In comparison 50 
with thermoplastic elastomers. Various additives 
must be incorporated into vulcanized elastomers 
making them prone to toxteity, whereas less addi- 
tives are required to produce a thennoplastic elas- 
tomer. Vulcanized products are process (molding) 55 
limited and labor Intensive, whereas thermoplastic 
elastomer products can be fabricated in different 
processes making them more economically attrac- 
tive. However, although themnoplastic elastomers 
behave as vulcanized elastomers at room tempera- 60 
ture, their properties at elevated temperatures rap- 
idly change. At high temperatures, thermoplastic 
elastomers will creep more than the vulcanized ma- 
terials. The state-of-the-art of thus invention is that 
the said composition is medically clean, capable of 65 
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fabrication in any molding pmcess. and will maintain 
required sealing properties at elevated tempera- 
tures such as are seen in autoclaving. Thus, at- 
tempts have been made to develop synthetic elas- 
tomer composltbns which may be substituted for 
natural rubber In preparing stoppers for such items 
as evacuated tubes for the collection of medical 
samples, and for syringe stoppers for the adminis- 
tration of various medications. Other applications 
where the sealing properties of syntiietic elasto- 
mers are of importance include O-rings, and hoses 
carrying high temperature fluids including steam 
lines and automotive applications. 

While a variety of different compositions have 
been developed which will provide the appropriate 
resiliency required to maintain proper seal, as dis- 
cussed above, such compositions will not always tol- 
erate the elevated temperatures required to bring 
about tiie proper autoclaving sterilization of the 
containers. As a result, even though the stoppers 
provide appropriate vacuum and/or sealing prior to 
such sterilization, tiie high temperatures have a ten- 
dency to break down tiie elastomer composition to 
tiie degree where high compression set takes place, 
so tiiat after a period of storage life, the stoppers 
leak or in otiier ways fail in their use. 
. Attempts have been made to deliberately modify 
elastomer compositions In order to make them resis- 
tant to autoclave temperatures. Representative 
compositions for providing autoclavable elastomer 
compositions are taught, for example in U.S. Pat- 
ents 4,210,686 and 4.440.615. However, tiie com- 
positions taught in those patents, while providing 
appropriate resistance to autoclave temperatures, 
are not compositions which will produce objects, 
such as stoppers, which are placed under stress 
when tiiey are put into the position of use, and then 
autoclaved under the stress conditions. That is, as 
will be understood by practitioners-in-the-art, stop- 
pers placed in evacuated tubes or used as stop- 
pers and/or pistons movable in syringes are placed 
under stress. The imposed stress during the period 
of autoclaving exposure to high temperatures, has 
the effect of generating creep by breaking down 
the elastomer composition and causing resulting fail- 
ures in storage and in use. 

Witii this Invention, by contrast, compositions 
are provided which provide elastomeric objects 
which witiistand, simul^eously, the effects of 
autoclaving temperatures, and the stress placed on 
tiie objects during tiie period of time when they are 
being autoclaved. Thus, stoppers produced from 
tiie compositions, in accordance herewith, will main- 
tain their proper sealing characteristics during the 
storage life of the evacuated containers and/or sy- 
ringes so tiiat they are useful when tiiey are select- 
ed to be used in medical applications, for example. 
This is 80 even though such objects iiave been ex- 
posed to the elevated temperatures required for 
autoclaving. 

Witii the foregoing and additional objects in view, 
tills invention will now be described in more detail 
and other objects and advantages will be apparent 
from the following desoiption. 

A thermoplastic elastomer composition capable of 
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withstanding autoclave temperatures, the composi- 
tion being creep resistent when autoclaved under 
stress is formulated in accordance with the prind- 
ple& of this invention by combining dynamically vul- 
canized ethylene-propylene-diene terpolymers and 
polypropylene as the principle component, together 
with a butyl based rubber such as tutyl rubber, ha- 
logenated butyl rubber, or partially cross-linked 
butyl rubber. A stabilizer is added to the composi- 
tion In the form of a hindered amine such as, for ex- 
ample, bls[2,2,6,6-tetramethyI-4-piperidinyl] seba- 
cate. As a processing aid for the composition, in ac- 
cordance herewith, polyisobutylene plasticlzer is 
added. 

The principle component comprised of the dynami- 
cally vulcanized ethylene-propyiene-diene terpoly- 
mer (EPDM) and polypropylene is present within the 
range of between 65 and 90 percent, and prefera- 
bly within the range of between 65 and 75 percent 
by weight. The second major component of the com- 
position, in accordance herewith in the form of a 
butyl based rubber such as butyl rubber, halogenat- 
ed butyl rubber or partially cross-linked butyl mb- 
ber is present within the range of between 5 and 20 
percent by weight, and preferably within the range 
of between 10 and 15 percent by weight. The hin- 
dered amine is present in the amount within the 
range of between 0.01 and 5.0 percent by weight, 
and preferably 0.1 and 0.5 percent by weight, 
whereas the potyisobutylene, a processing aid, is 
present within the range of between 1 and 20 per- 
cent by weight, and preferably 3 and 18 percent by 
weight. In this connection, it should be understood 
that the polyisobutylene Is utilized as a plasticlzer. 

The principle component comprised of cured 
EPDM and polypropylene PP may be obtained as 
Santoprene (Trade Mark), a product of Monsanto 
Chemical Corporation. The hindered amine stabiliz- 
er may be Tfnuvln (Trade Mark), a product of Ciba 
Gelgy, while the plasticlzer may be Vistanex (Trade 
Mark) MML-80 or MML-100, a product of Exxon 
Corporation. 

it is believed that the cured EPDM of the princi- 
ple component EPDM/PP does not undergo a signif- 
icant penmanent defonmation under stress and ele- 
vated temperature for autoclave conditions, which 
are, for example, 270** Farenheit (say 132»C) for 15 
minutes. However, the PP of this composition does. 
Therefore, the EPDM/PP Is blended with the sec- 
ond component, In the fonn of butyl rubber, for ex- 
ample, which Is a gum rubber. The high temperature 
gum rubber prevents the polypropylene from perma- 
nently deforming at autoclave temperature, thus 
maintaining elasticity of the final elastomer. In ac- 
cordance herewith, and also higher viscosity than 
the polypropylene. The gum rubber acts, therefore, 
as a damping agent for the polypropylene. The mole- 
cules of the gum rubber are so compacUy anranged 
tiiat they show high damping characteristics at ele- 
vated temperatures required for autoclave condi- 
tions. By contrast, at molding process temperatures 
of 400* Farenheit (say 204*0) all of the compo- 
nents will melt and flow without any degradation. 
Thus, the composition can be processed under in- 
jection, compression, extrusion or blowmolding con- 



ditions. 

As representative of one procedure for prepar- 
ing a composition in accordance with this Invention, 
one may note tiie following examples reciting repre- 

5 sentative procedures for formulating such a compo- 
sition. It is to be understood, however, that these 
examples are being presented with the understand- 
ing tiiat tiiey are to have no limiting character on the 
broad disclosure of the invention as generally set 

10 forth herein, and as directed to those skilled in the 
art 

EXAMPLE I 

15 1000 grams of Santoprene® were introduced into 
an intemal mixer maintained at a temperature of 
4O0''F (about 204*0) and allowed to mix for five min- 
utes. Thereafter. 50 grams of polyisobutylene was 
admbced with tiie Santoprene®, and tiie mixture was 

20 blended for 10 minutes. The polyisobutylene ads as 
a plasticlzer for tiie resulting composition. Then, 150 
grams of a butyl rubber composition were added and 
the resulting mixture was blended for Ave minutes. 
In this connection, the butyl rubber may be intro- 

25 duced prior to the plastictzer. Finally, 1.155 grams of 
Tlnuvln® 770 was added, and tiie final mixture was 
blended for 5 minutes. Then, the resulting blended 
mixture was injection molded to produce 10 dozen 10 
cm3 stoppers for use in syringes. The stoppers 

30 were tiien subjected to creep measurement before 
and after autodave conditions. The strain was cal- 
culated by measuring the stopper outside diameter, 
tiie syringe barrel intemal diameter, and the contact 
area of the stopper. After autoclaving at 270°F 

35 (about 132*C) for 15 minutes the residual strain in 
each stopper was calculated to be substantially 30 
percent of tiie Initial strain, well within tiie require- 
ments necessary to maintain the required seal for 
passing conventional leakage tests for syringes. 

^ PCAMPL^Il 

1000 grams of Santoprene® were introduced Into 
an internal mixer maintained at a temperature of 

45 400*F (about 204*0) and allowed to mix for five min- 
utes. Thereafter. 35 grams of polyisobutylene was 
admixed witii tiie Santoprene. and the mixture was 
blended for five minutes. Then 100 grams of a poly- 
Isobutylene-isoprene copolymer composition was 

50 added, and the resulting mbcture was blended for 
five minutes. Rnaliy, 1.125 grams of Tlnuvln® 770 
was added, and the final mixture was blended for 
five minutes. Then, the resulting blended mixture 
was injection-molded to produce ten dozen 10 cm^ 

55 stoppers for use in syringes. The stoppers were 
placed In conventional syringes and tiie iso leakage 
test was conducted before and after autoclaving. 
The autoclaving was perfomned at 270*F (about 
132*0) for 15 minutes. The syringes of interest 

60 passed tiie leakage testing In tills operation. Need- 
less to say, tiie stoppers provide superior gas bar- 
rier properties, which is of interest in applications 
using stoppers in evacuated tubes. 
AcconSingty, and as will be apparent from the 

65 foregoing, there are provided In accordance here- 
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with methods and compositions for imparting simulta- 
neously to elastomers properties which enable the 
elastomers to withstand the effects of elevated tem- 
peratures required for autoclaving while the ob- 
jects comprised of the elastomer are placed under 
stress. Thus, the objects may be formed, placed in 
the position in which they are to be used under 
stress and then autoclaved and the objects will 
maintain their proper elasticity, as required for use. 
There is no substantial degradation or breakdown in 
the properties of the objects formed from the com- 
positions, in accordance herewith so that they main- 
tain their properties over a period of time required 
for shelf life of the objects in which they are used 
such as evacuated tubes for taking blood samples 
and syringes for use in various medical applica- 
tions. These various medical devices may be con- 
structed and autoclaved and they will maintain their 
sealing properties over a long period of time. 

While the methods and compositions herein dis- 
closed form prefen^ed embodiments of the inven- 
tion, this Invention Is not limited to those specific 
methods and compositions and changes can be 
made therein. For example, a variety of uses for the 
elastomers of the invention will be apparent to the 
praclitioner-ln-the-art where high temperatures are 
involved in combination with constartt sealing re- 
quirements. Such applications include high tempera- 
ture, high pressure steam and water lines, as well 
as O-rings, labyrinth and other sealing applications. 

Claims 

1. A thermoplastic elastomer composition capable 
of withstanding autoclave temperatures wherein the 
composition Is creep resistant when autoclaved un- 
der stress and oontains:- 

(a) 65 to 90 percent by weight of a mix of dynami- 
cally vulcanized ethylene-propylene-diene ter- 
potymer and polypropylene, 

(b) 5 to 20 percent by weight of a butyl based rub- 
ber, 

(c) 0.01 to 5.0 percent by weight of a hindered 
amine stabiliser, 

(d) 1 to 20 percent by weight of a polyisobutylene 
plastidzer. 

2. A composition according to clEiim 1 wherein the 
mix (a) of dynamically vulcanized ethylene-propyl- 
ene-diene terpoiymer and polypropylene Is present 
in the range of 65 to 75 percent by weight 

3. A composition according to any of the preced- 
ing claims wherein the butyl based rubber (b) is 
present in the range of 10 to 15 percent by weight 

4. A composition according to any of the preced- 
ing claims wherein the butyl based rubber (b) is se- 
lected from butyl rubber, halogenated butyl rubber, 
partially cross-linked bu^l rubber and polylsobutyl- 
ene-isoprene copolymer. 

5. A composition according to any of the preced- 
ing claims wherein tiie hindered amine (c) Is present 
in the range of 0.1 to 0.5 percent by weight 

6. A composition according to any of the preced- 
ing claims wherein the hindered amine (c) is bis [2, 2, 
6, 6-tetramethyM-piperidinyl] sebacate. 

7. A composition according to any of the preced- 



ing claims wherein the plastidzer (d) is present with- 
in the range of 3 to 18 percent by weight 

8. A shaped, autodavable object made from a 
composition according to any of the preceding 

5 daims. 

9. An object according to dalm 8 wherein the ob- 
ject is a stopper for a syringe or evacuated tube. 

PatentansprQche 

10 

1. Thermoplastische Bastomerzusammensetzung, 
die in der Lege ist, Autoklaventemperaturen stand- 
zuhalten, wobel die Zusammensetzung, wenn sie Im 
Autoklaven behandelt wird, kriechbestandig unter 
1 5 Beanspruchung ist und enthait: 

(a) 65 bis 90 Gew.-% eines Gemisches von dyna- 
misch vulkanisiertem Ethylen-Propylen-Dien- 
Terpclymer und Poiypropylen, 

(b) 5 bis 20 Gew.-% eines Kautschuks auf Butyl- 
20 basis, 

(c) 0,01 bis 5 Gew.-% eines sterisch gehinderten 
Aminstabillsators und 

(d) 1 bis 20 Gew.-% eines Polyisobutylenweichma- 
chers. 

25 2. Zusammensetzung nach Anspruch 1. wobei das 
Gemisch (a) aus dynamisch vulkanisiertem Ethylen- 
Propylen-Dien-Terpolymer und Poiypropylen im Be- 
reich zwischen 65 und 75 Gew.-% vorhanden ist. 

3. Zusammensetzung nach einem der vorherge- 
30 henden AnsprQche, wobel der Kautschuk auf Butyl- 
basis (b) im Bereich zwischen 10 und 15 Gew.-% vor- 
handen ist 

4. Zusammensetzung nach einem der vorherge- 
henden AnsprQche, wobei der Kautschuk auf Butyl- 

35 basis (b) gewahit ist aus Butylkautschuk, haloge- 
niertem Butylkautschuk, partiell vemetztem Butyl- 
kautschuk sowie Polyisobutylen-lsopren- 
Copoiymer. 

5. Zusammensetzung nach einem der voriierge- 
40 henden AnsprQche, wobei das sterisch gehinderte 

Amin (c) im Bereich zwischen 0,1 und 0,5 Gew.-% 
vorhanden Ist 

6. Zusammensetzung nach einem der voriierge- 
henden AnsprQche, wobei das sterisch gehinderte 

45 Amin (c) Bls-[2,2,6,&-tetramethyI-4-piperidinyq-se- 
bacatlst 

7. Zusammensetzung nach einem der vo'riierge- 
henden AnsprQche, wobei der Weichmacher (d) im 
Bereich von 3 bis 18 Gew.-% vorhanden ist 

50 8. Gefonmter autoklavierbarer Gegenstand. her- 
gestellt aus einer Zusammensetzung nach einem der 
voriiergehenden AnsprQche. 

9. Gegenstand nach Anspmch 8, wobel der Ge- 
genstand eln Stdpsel bzw. Stopfen fOr eine Spritze 

55 Oder eine evakuierte ROhre ist 

Revendlcatlons 

1. Composit'on d'dlastom^re thermoplastique ca- 
60 pable de r^sister aux temperatures de I'autodave, 
cette composition resistant au fluage lorsqu'elie est 
trait§e k rautoclave sous corrtrainte et contenant: 
(a) 65 k 90% en poids d'un melange de terpolymd- 
re d'dfthyl^ne-propyl&ne-didne, soumis k une vul- 
65 canlsation dynamique, et de polypropylene. 
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(b) 5 § 20% en poids d'un caoutchouc de type bu- 
tyl. 

(c) 0,01 k 5,0% en poids d'une amine empdch^e 

stdbilissntG 6t 

(d) 1 k 20% en poids d'un poiyisobutyl^ne plastl- 5 
fiant 

2. Composition selon ta revendication 1, dans la- 
queile fe melange (a) de terpolymdre d'6thylene-pro- 
pyldne-di^ne, soumis k une vulcanisation dynaml- 
que, et de polypropylene est present dans la gamme 10 
de 65 Si 75% en poids. 

3. Composition selon I'une queiconque des reven- 
dicatlons pr^^dentes, dans laquelle le caoutchouc 
de type butyl (b) est present dans la gamme de 10 

15% en poids. 15 

4. Composition selon I'une queiconque des reven- 
dications pr^dentes, dans laquelle ie caoutchouc 
de type butyt (b) est choisi panni un caoutchouc bu- 
tyl, un caoutchouc butyl halog^nd, un caoutchouc 
butyl partieltement rdticulS et un copoiym^re de po- 20 
ly(isobutyl5ne-isoprdne). 

5. Composition selon I'une queiconque des reven- 
dications pr^dentes, dans laquelle I'amine empe- 
ch^e (c) est prSsente dans la gamme de 0,1 k 0,5% 

en poids. 25 

6. Composition selon t'une queiconque des reven- 
dications pr^okientes, dans laquelle I'amine emp§- 
chee (c) est le sibacate de bis[2,2,6,6-t^tramethyl- 
4-pipdridinyle]. 

7. Composition selon Tune queiconque des reven- 30 
dications pr^cddentes, dans laquelle le plastifiant 

(d) est present dans la gamme de 3 ^ 18% en poids. 

8. Objet fagonnd pouvant etre traits k i'autoclave 
fait d'une composition selon i'une queiconque des 
revendications prec^dentes. 35 

9. Objet selon la revendication 8, qui est un bou- 
chon pour une seringue ou un tube sous vide. 
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